Background: This study assessed treatment interruption of tuberculosis (TB) patients managed by treatment supporters and health care workers and other predictors of treatment interruption. Methods: A descriptive cross-sectional study was conducted. Four hundred and seventy new smear positive TB patients above 14 years of age were consecutively recruited between October 1 and December 31 2012 from 34 (23 public and 11 private) directly observed treatment short course (DOTS) facilities that offered TB treatment and microscopy services. They were followed up till treatment was completed. Logistic regression was used to assess the predictors of treatment interruption. Results: A significantly higher proportion of smokers (58.6% vs 38.3%, p = 0.030), patients supervised by treatment supporters (44.4% vs 34.7%, p = 0.032), patients not counselled before initiation of treatment (55.6% vs 38.2%, p = 0.041), patients managed at private DOTS facilities (50% vs 36.3%, p = 0.010) and TB/HIV co-infected patients (54.2% vs 38.6%, p = 0.038) had treatment interruption. Predictors of treatment interruption were supervision by treatment supporters, smoking, lack of pre-treatment counselling and TB/HIV co-infection. Conclusion: A higher proportion of patients supervised by treatment supporters had treatment interruption than those supervised by health care workers. There may be a need to review the concept of treatment supervision by treatment supporters in Lagos state Nigeria. 
Introduction
The National tuberculosis and leprosy control programme (NTBLCP) commenced the implementation of the directly observed treatment short course (DOTS) in Nigeria over two decades ago [1] . However, despite the availability of DOTS facilities in all local government areas (districts) in the country, Nigeria is far from achieving the global targets. Tuberculosis (TB) burden in Nigeria is estimated to be 318 per 100,000 [2] and less than twenty percent of the estimated TB prevalence was notified in 2013 [3] . In addition, the World Health Organization (WHO) estimated that 2.9% (2.1% -4.0%) and 14% (10% -19%) of new and retreated TB cases respectively had multi-drug resistant tuberculosis (MDR-TB) [3] .
Although there is efficacious chemotherapy for TB treatment, therapy requires greater than ninety percent compliance to facilitate treatment success and reduce the emergence of MDR-TB [4] - [6] . Treatment interruption is a major obstacle in TB control [7] . Reasons for treatment interruption are complex and include patients' characteristics and income, the socio-cultural context, chronic nature of TB and patients' relationship with health care workers [8] [9] .
Different methods such as monitoring system, pill counts, fixed dose combinations and supervised therapy were used previously to ensure patients' adherence to TB treatment [8] [10] [11] . Under the DOTS programme, TB treatment was initially supervised daily by health care workers during the first two months of treatment. However for many TB patients in most TB high burden countries including Nigeria, treatment interruption was a challenge because of financial accessibility to TB services as majority live some distance from the DOTS facilities and are often too weak to make frequent visits to access care [12] .
To address this issue, "patient centered treatment" which allowed TB patients to determine whether treatment was supervised at the health facility by health care workers or at home by any treatment supporter of their choice was introduced [13] . The NTBLCP guidelines stipulated that treatment supporter can be a relation or someone (volunteer) close to the patient's home and has been trained to provide support for TB patients on treatment [14] . A study from Nigeria showed that few of the community volunteers served as treatment supporter and the community TB care in the country was not effective [15] . Studies from West and East Africa, Asia and South America have shown that the use of family members as treatment supporters was effective [16] - [20] . However, the effectiveness of treatment supporters depends on the type and age of treatment supporter, mode of selection, quality of training, proximity to patients, employment and educational status [21] [22] .
Since the introduction of patient centered treatment in Nigeria in 2007, no study has assessed the role of treatment supporters in reducing treatment interruption among TB patients. This study assessed treatment interruption of patients managed by treatment supporters and health care workers and other factors associated with treatment interruption among TB patients managed in Lagos Nigeria.
Methods

Study Design
This study was a descriptive cross sectional study that assessed factors associated with treatment interruption of TB patients in Lagos Nigeria.
Study Background and TB Control in Lagos Nigeria
The study was done in Lagos state, the commercial nerve centre of Nigeria with an estimated population of 21 million [23] . TB control was coordinated by the Lagos State TB and leprosy control programme (LSTBLCP). The DOTS management of TB started in 2003 with the public sector and in 2008 the systematic engagement of the private sector began. TB diagnosis and treatment is free in the state. Duration of TB treatment was eight months consisting of two months intensive phase and six months continuation phase. Rifampicin, Isoniazid, Pyrazina-mide and Ethambutol as fixed dose combination were given during the intensive phase while Ethambutol and Isonizid were given during the continuation phase as fixed dose combination. Usually patients were counselled on drug usage, possible side effects and consequences of treatment interruption before commencement of treatment. In order to reduce treatment interruption and loss to follow up, patients diagnosed of TB were managed at DOTS facility closest to their residents regardless of where TB diagnosis was made. Sputum microscopy, clinical assessment and drug intake were used to monitor TB treatment. Sputum microscopy was done at the 2 nd , 5 th and 7 th month of treatment for smear positive patients, clinical assessment included weight monitoring and assessment of patient's records for regularity of drug intake [14] .
All presumptive TB clients were offered HIV test at no cost. Determine (determine HIV-1/2 Alere Determine™, Japan 2012) and Uni-Gold™ (Trinity Biotech PLC, Wicklow, Ireland 2013) were used in parallel algorithm. STAT-PAK ® was used as tie breaker for discordant results. TB/HIV co-infected patients were usually referred to anti retroviral therapy (ART) clinic for assessment and commencement of anti retroviral (ARV) drugs. In most cases TB drugs were commenced first before ARV drugs. TB/HIV co-infected patients were offered co-trimoxazole in addition to anti-TB drugs.
TB focal persons were in charge of each DOTS facility and records generated from each DOTS facility were sent to the local government TB supervisor who collates the records of DOTS facilities in the LGA (district) and send to the State TB coordinator who in turn forwards the state records to the national TB coordinator [14] .
Population and Sample
Four hundred and seventy new smear positive TB patients were recruited from 34 DOTS facilities (23 from public and 11 private) out of the sample frame of 130 DOTS facilities provided by the Lagos State TB control officer between October 1 and December 31 2012. Selection criteria includes: provision of treatment and microscopy services and involvement in DOTS programme at least two years prior to data collection. Details of the sample size calculation were earlier published [24] .
Study Procedure
A structured questionnaire was administered on all TB patients after recruitment into the study. Information on socio demographic data, clinical signs and symptoms and their duration, nature of the health facility first visited, whether treatment was supervised by treatment supporter or by health care worker at the DOTS facilities, whether counselling was done by health care worker before initiation of treatment were obtained. The weight, sputum and HIV test results were copied from patients' facility treatment card before commencement of patients on the 8 months anti TB regimen.
Drug use was directly observed daily during the intensive phase by the health care workers at the selected DOTS facilities for patients supervised by them, but during the continuation phase; patients were given monthly appointment. For patients not supervised by the health care workers, drugs were given to their treatment supporters to cover for two weeks. Treatment supporters were expected to supervise and record patients' treatment at home on a card. Empty drug blisters and the card (where drug intake was recorded) were presented to the health care workers at DOTS facilities before drug refill. The health care workers updated patients' health facility records from the card presented by the treatment supporters and days when patients interrupted treatment were recorded. Pattern of drug intake of patients supervised by the health care workers were also documented. Patients were followed up till completion of treatment.
Definition of Outcome Variable
In this study any patient who failed to collect drugs for two consecutive days during the intensive phase or two weeks after the expected date during the continuation phase were regarded as having interrupted treatment according to the NTBLCP guidelines [14] .
Data Analysis
The Statistical Package of Social Sciences (SPSS) IBM version 19 was used for data analysis. Percentages, mean and standard deviation of numerical variables were determined. Chi squared test was used to compare categorical variables. Binary logistic regression was used to assess the predictors of treatment interruption. All (independent) variable that were significant (p < 0.05) on bivariate analysis were entered at once (enter method) at the beginning to assess their predictive ability. Omnibus test of model coefficients value less than 0.05 and the Hosmer-Lemeshow goodness of fit test value greater than 0.05 were used to assess if the model was good quality. Confidence interval was set at 95% for all statistical tests. Statistical test was considered significant if p < 0.05.
Ethical Approval
Ethical approval was obtained from the Health Research and Ethical Committee of the Lagos State University Teaching Hospital. Written informed consent was obtained from TB patients before recruitment into the study.
Results
Of the 470 smear positive patients recruited for the study, 358 (23.8%) and 112 (76.2%) were from the private and public DOTS facilities respectively. Mean age of patients was 33.0 ± 11.6. About 60% (280) were males. 254 (54.1%) had secondary school education, while 417 (88.7%) earned less than 125 USD monthly. About 12% (56) and 6% (29) drank alcohol and smoked cigarette respectively. TB/HIV patients constituted 10.2% of the patients recruited as shown in Table 1 . Figure 1 shows that 186 (39.6%) of the patients recruited interrupted treatment.
A significantly higher proportion of smokers (58.6% vs 38.3%, p = 0.030), patients supervised by treatment supporters (44.4% vs 34.7%, p = 0.032), patients not counselled before initiation of treatment (55.6% vs 38.2%, p = 0.041), patients managed at the private DOTS facilities (50% vs 36.3%, p = 0.010) and TB/HIV co-infected patients (54.2% vs 38.6%, p = 0.038) had treatment interruption than non-smokers, patients supervised by health workers, patients counselled before treatment, patients managed at the public DOTS facilities and HIV negative patients respectively ( Table 2) . Binary logistic regression was used to assess the ability of the explanatory variables such as cigarette smoking, who supervised treatment, pre-treatment counselling, type of DOTS facility where treatment was administered and HIV status to predict treatment interruption. The full model containing all predictors was statistically significant ×2 (6, N = 442) = 36.48, p < 0.001. The model as a whole explained between 23.2% (cox and snell R squared) and 34.5% (Nagalkerke R squared) of the variance in treatment interruption and correctly classified 78.7% of cases. Lack of pre-treatment counseling made the strongest unique contribution (OR 5.338, 95% CI 2.520 -11.308) to explaining treatment interruption (dependent variable). Other predictors of treatment interrup- 
Discussion
Prevalence of Treatment Interruption
In this study, about 40% of patients had TB treatment interruption, this is low compared with findings from Nigeria and elsewhere [25] - [27] . The reason for this finding is unknown. However, recruitment of patients from many DOTS facilities may be responsible for this finding. Many studies from Nigeria assessed the prevalence of TB treatment interruption in a DOTS treatment facility [25] - [27] .
Factors Associated with Treatment Interruption
Adherence to treatment regimen is pivotal to TB control, and the involvement of the community is important in this regard especially where culturally appropriate support is available near a patient's home [28] . Treatment supporters have evolved to assist TB control programs in low-income countries and those with high TB prevalence [22] . Anecdotal evidence however shows that the quality of support provided by treatment supporters varies significantly [22] . In our study, patients managed by treatment supporters were twice likely to have treatment interruption than patients managed by health care workers. This is contrary to the findings from Tanzania and Ghana which reported better treatment outcome and lower treatment interruption among patients supervised by treatment supporters. However, the closer the treatment supporter live to the patient, the better the treatment adherence [16] - [18] . Although the NTBLCP guidelines stipulates that treatment supporters must live close to the patients and be trained by the health care worker [14] , there was no mechanism in place to verify patients claim whenever a treatment supporter was presented. In addition, the health care workers often do not follow the NTBLCP recommended standard operating procedures for the engagement of treatment supporters. A potential challenge to the effectiveness of treatment supporters is quality control especially when observation is performed by a non-medical supporter outside a health facility [16] [22] . It has also been suggested that treatment supporters should not be seen as a "quick fix" for failing TB control programs. For better effectiveness of treatment supporters, there must be a well organized and functional health system [22] .
Counselling for TB adherence is a process of improving patients' knowledge about TB, enhancing their belief to complete treatment and developing skills to overcome negative family and community environments [29] . It often strengthens patients to overcome problems that may jeopardize adherence [29] . Studies have shown that counselling enhances patients' adherence to TB treatment [30] - [32] . In this study, pre-treatment counselling was associated with treatment interruption. Patients who reported that they were not counselled before the commencement of TB treatment were five times likely to interrupt treatment than those who reported they were counselled before treatment. Similar finding was obtained in a randomized controlled intervention trial. Counselling improved patients' knowledge about TB and minimized treatment interruption [33] , although earlier studies from Pakistan and elsewhere showed that counselling had no significant impact on treatment interruption even with monetary incentive to patients [29] [34] . Other authors have however suggested that the success of any counselling program is dependent not only on the qualification and competence of health care workers but also their attitudes towards patients, their desire to improve patients' treatment outcome, and the type of intervention [30] Cigarette smoking has been shown to be associated with TB infection, disease and death [37] - [39] . It can also affect treatment outcomes and studies have shown that smoking was associated with unsuccessful treatment outcomes, default and relapse [40] - [42] . In this study, smokers had over 2 fold risk of treatment interruption than non-smokers. This may be because majority of smokers (96.6%) in this study were males and men have demonstrated poor adherence to TB treatment [43] . This may be because of economic reasons because traditionally, men are expected to provide for the family and time taken out for medical visit may mean less income. In addition they may need to take permission from their work place which may not be possible with paid employment [44] .
Patient with TB/HIV co-infection in addition to TB care need to get HIV care and may interrupt TB treatment more frequently than those who are HIV negative. This may be due to the cost of attending two clinics especially if both clinics are not located within the same hospital [45] . In this study TB/HIV co-infected patients were twice likely to interrupt treatment than TB/HIV negative patients. Several studies have reported factors associated with treatment interruption of TB/HIV co-infected patients. Believe in efficacy of TB treatment, pill burden, side effects of drugs, failure of health workers to counsel patients of the potential side effects, HIV related stigma and discrimination and lack of disclosure were reported in studies from Nigeria, Ethiopia and Nepal as factors affecting adherence in TB/HIV co-infected patients [45] - [51] .
Limitation of the Study
No enquiry was made in this study to ascertain whether treatment supporters actually lived close to TB patients, truly observed the patients' treatment or personally filled the treatment supporters' card. This study assessed factors associated with treatment interruption under programmatic condition.
Conclusion
A higher proportion of patients supervised by treatment supporters had treatment interruption than those supervised by health care workers. There is a need for health care workers at DOTS facilities to adhere strictly to the guidelines for selection of treatment supporters and take time to counsel TB patients before they are commenced on treatment. The need for further research to assess the effectiveness of treatment supporters in Lagos State Nigeria cannot be over emphasized.
